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TRACOR, INC. 6500 TRACOR LANE. AUSTIN, TEXAS 78721

FIRST IDA SUBMITTAL FOR TRANSDUCER

ELEMENT DESIGN FOR LOOSELY PACKED PLANAR ARRAY

COMMON PROBLEM 1.1

RACOR has been assigned the task of performing compu-

ter evaluations of transducer element design submittals for the

C/P Array Program as directed by the NEL Transducer Division.

This report contains the results of the first iteration of the

Iterative Design Activity (B teams from the various partici-

pating vendors. Certain properties for each of the transducer

element designs are presented in graphical form using identical

format and scaling for ease of comparison and evaluation of the

various designs.

The element design under consideration for this report

is a loosely packed array of 13 rows and 229 columns of 5 inch

circular elements with 8 inch center to center spacing,9Common

Problem 1). Four element designs are presented: GE, T G, NEL,

and GD/E (C.P.I.l). The element chosen for the final design of

the first iteration was that proposed by GD/E. The results for

this element are labeled C.P.l.l to indicate Common Problem 1,

iteration 1.

Each element is examined for various properties over

three frequency bands for three different steerings. At each

steering, parametric curves for various element properties repre-

senting the "worst case" radiation loadings in the array are

presented. These loadings were obtained from computations per-

formed by TRG, Inc. on C.P.I arrays and the cases chosen for

this evaluation are given in Tables 1, 2, and 3 for the various

frequencies. These results assume velocity control and are eval-

uated at one frequency in each band. However, since it can be

shown that the loadings are not a "strong" function of frequency,

this approximation of constant loading across the frequency

band will not invalidate the design evaluations.

J p



TRACOR, INC. 6500 TRACOR LANE, AUSTIN, TEXAS 78721

Under the assumption that cavitation occurs whenever the

surface pressure on an element exceeds 1.5 atmospheres, a driving

current (cavitation limited) is determined such that cavitation

occurs on that element in the array with maximum surface pressure.

For each steering, the properties presented in the graphs are

computed with the element under consideration being driven with

the cavitation limited current.

The presentation of the designs considered is organized

in the following manner.

I. Designer (GE, GD/E, TRG, or NEL)

A. Frequency Band (Low, Mid, High)

1. Property (1ll, IEI, IZinL, etc.)

a. Steering (Endfire, 30 , broadside)

Prefacing each element design are sample "rough" dia-

grams of the element configuration, the equivalent four terminal

networks used in the computer element model, and a schematic

diagram of the electrical "tuning" circuits for each band with

the values of the components given.

Several element properties were used in the design of

the element. The following properties, which are presented

graphically as a function of frequency, were considered in the

choice of the final design of this iteration.

1) - j Magnitude of head velocity normalized to

input current

2) ARG (VH) Phase of head velocity normalized to
I input current

3) ( Magnitude of electric field (voltage on each

ring/thickness of ring in mils.)

4) IZinI Magnitude of input impedance

2



TRACOR, INC. 6500 TRACOR LANE, AUSTIN. TEXAS 78721

5) ARG(Zin) Phase of input impedance

6) IEin*I inI  Magnitude of volt-amp product of input

voltage and input current

7) PC - PH Loss in the ceramic; i.e., power into

ceramic minus power out at the head

8) H- Total efficiency; i.e., power out at head/
in power into inductor circuit

9) IzIoCI Magnitude of the ratio of composite ele-

ment parameters relating current to head

velocity (for current control this is the

same as the magnitude of the internal

impedance of the element)

10) ZEOC) Magnitude of the ratio of composite

element parameters relating voltage to

head velocity

11) II Magnitude of the current

Since this design is to be manufactured and DUMILOAD

tested, the graphs contain the title "DUMILOAD I." This element

is the first design which will be built and tested on a DUMILOAD

facility and should not be confused with the DUMI-ELEMENT which

is an integral part of the DUMILOAD facility.

3



TRACOR, INC. 6500 TRACOR LANE, AUSTIN, TEXAS 78721

WORST CASE RADIATION LOADINGS

LOW BAND

Page 2: F = 2000 cps.

Theta = 00  Phi = 00

Velocity of cavitation = .25633071E-01 meters per second
pca = 1.9001530E04

Loadings:

Max. Pressure = 3.08590054E04 + j6.84589403E04
Min. Resistance = 3.06295372E03 + j6.15220308E03
Min. Reactance = 3.57300970E03 + j5.19126037E03
AVG. = 2.44205725E04 + j4.33216357E04

Page 4: F = 2000 cps.

Theta = 00 Phi = 300

Velocity of cavitation = .10791793E-00 meters per second

Loadings:

Max. Pressure = 1.70359401E04 + j5.28297277E03
Max. Resistance = 1.72759279E04 + j3.19188898E03
Min. Resistance = 3.18166958E03 + j6.18375532E03
Max. Reactance = 1.14610751E04 + jl.00632375E04
Min. Reactance = 8.09602996E03 - ji.58026357E03
AVG. = 1.14146599E04 + j3.81251049E03

Page 8: F = 2000 cps.

Theta - 00 Phi = 900

Velocity of cavitation = .20641517 meters per second

Loadings:

Max. Pressure = 8.62318751E03 + j3.54954775E03
Min. Resistance - 4.04152567E03 + jl.58332185E03
Max. Reactance = 4.71313038EO3 + j6.22775241E03
Min. Reactance = 5.48191309E03 - jl.07796008E02
AVG. = 5,92082810E03 + j3.08428731E03

Compiled From TRG's Results

For C.P.l Array, Problem 137

Table I



TRACOR. INC. 6500 TRACOR LANE, AUSTIN, TEXAS 78721

WORST CASE RADIATION LOADINGS

MID BAND

Page 24: F = 2500 cps.

Theta = 00 Phi = 0 0

Velocity of cavitation = .022599425 meters per second

Loadings:

Max. Pressure = 3.70694046E04 + j7.66828215E04
Min. Resistance = 3.48842781E03 + j7.81806304E03
Max. Reactance = 3.43145191E04 + j7.70014372E04
Min. Reactance = 3.80512498E03 + j6.91990765E03
AVG. = 2.81596841E04 + j4.83015054E04

Page 26: F = 2500 cps.

Theta = 00 Phi = 300

Velocity of cavitation = .11002911 meters per second

Loadings:

Max. Pressure = 1.61847804E04 + j6.64038697E03
Min. Resistance = 3.66139341E03 + j7.66241486E03
Max. Reactance = 1.07609438EO4 + jl.06836049E04
Min. Reactance = 1.28174594E04 + j9.95386351E02
AVG. = 1.09357651E04 + j4.93621119E03

Page 30: F = 2500 cps.

Theta = 00 Phi = 90
°

Velocity of cavitation = .20803104 meters per second

Loadings:

Max. Pressure = 5.50801644E03 + j7.43469919E03
Max. Resistance = 8.18015867E03 + jl.90754574E03
Min. Resistance = 4.27851865E03 + j2.38239074E03
Min. Reactance = 5.94411695E03 + jl.82753326E03
AVG. = 6.13526911E03 + j3.81425445E03

Compiled From TRG's Results

For C.P.1 Array, Problem 137

Table 2
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WORST CASE RADIATION LOADINGS

HIGH BAND

Page 46: F = 3000 cps.

Theta = 00 Phi = 00

Velocity of cavitation = .020291127 meters per second

Loadings:

Max. Pressure = 4.03970761E04 + j8.58303975E04
Min. Resistance = 3.50168917E03 + j9.28735198E03
AVG. = 3.05065992E04 + j5.25781665E04

Page 48: F = 3000 cps.

Theta = 0 Phi = 300

Velocity of cavitation = .10456341 meters per second

Loadings:

Max. Pressure = 1.65302281E04 + j8.10088048E03
Min. Resistance = 3.53874880E03 + j9.01288799E03
Max. Reactance = 8.04770071E03 + jl.20617606E04
Min. Reactance = 9.73845096E03 + jl.52307533E03
AVG. = 9.89594457E03 + j6.38905526E03

Page 52: F = 3000 cps.

Theta = 00 Phi = 90
°

Velocity of cavitation = .19248667

Loadings:

Max. Pressure = 5.83226748E03 + j8.12301916E03
Max. Resistance = 7.04807449E03 + j2.79985796E03
Min. Resistance = 3.78636591E03 + j3.64525485E03
Min. Reactance = 6.77634102E03 + jl.41083003E03
AVG. = 5.07857123E03 + j4.58678978E03

Compiled From TRG's Results

For C.P.1 Array, Problem 137

Table 3
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NL UUNIK1o~n I
C.P. 1 5 INCH CIIRCULRR HERD

LOW BRNO ENOFIRE (0.0)
LP=.1590 QP=E+50 L5=.10005 Q6*:+L5U

100000

10000

10000

FREQUENCY

MRGIZIN) VERSUS FREQUENCY

CURVE I MqX PRES=3.UY850054E4+J6.458934OE-04
CURVE 2 - MIN R =3.U6295J372E03-J6.1522O3O8E)2
CURVE 3 -MIN X =3.5'73O097OEO3+J5.19126O37E03
CURVE 4 - VG =2 .44205725E1J4+J4 .331357EU4
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NEL. OUNILOPD I
C.P. 1 5 INCH CIRCULRR HERD

LOW BRNO .30 DEGREE (0,30) I

LP=.1590 QP=E+50 LS=.'005 Q9=E+50
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100
0 12100 02b Hf0 04bc'I

FREO1UENCY

MAG(ZIN) VERSUS FREQUUENCY

CURVE I -MRX PRESzl.7035gHO1E04+J5.2'-B2-972-UEU3
CURVE 2 - MRX R =1.72759279Eo4+J3,9188993E09Y

CURVE 3 - MIN R =3.1JIE66358EL)3+J6137553'2E103
CURVE '4 - MRX X I -I 461075'1IE0'4+JI -006~3L13)5E L4
CURVE 5 - MIN X =8 .L9602996EO3-J1.I %90F3DH7E0fl
CURVE 6 - RVG =l1.4iN6599EU4+J3,9312r51149EO3
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-120
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CURVE 1. -M'QX PRES= .-70359-40lE04T+J5.2'82'97277E03
CURVE 2- MRX R =1.7c_6c-9L4J.9988U
CURVE 3 -MIN R =3.1l31&6958E03+J6.1337553KE0'3
CURVE 4 MRX X =1.1L46l175lEO4+Jl.OO632'3175EU)4
CURVE 5 -MIN X z= .0U0299&E.03-J1 .5'jO2A3'57EU3
CURVE A - FVG =1 .1'-iH6 9E4+J3,3125l49E03

__SCR=___ 5C TOt M!E~s UOFRq!2_7._-L
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C.P. 1 INCH CIRCULRR HERD
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LP--.l1590 QP.-E*ESU LS=.5U005 [kS:E+5]

121 j

i o1 2 001

2V~ 1.0 2 12400 4I
FR U U[7NC YIPHF4SE- VH/I ) VERSG-iG F RFUIUENCY

CURVE I MqX PRECZ 1T)f3qO0ES3tO4+JF 8458L3403E 04
CURVE 2 -MIN R --31 2 L)F'g3 /E?3 +JH - 1,1-COO308E 0")
CURVE 3 -MIN X 23 ':',900 -70U3J31 r6037EL13
CURVE 4 -i RVG 2-4 ~~rll') E 04+ 14 -.3 3 1 F3'-7E0 4



'iiNEt DUMILOP0 I
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I NEL. DUMILORD I
C.P. 1 5 INCH CIRCULPR HERD
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120
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C.P. 1 5 INCH CIRCULRR HERD
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[URVE 2 MIN R ::3 .( 629 I3J7,r,-,JE 0 + GU3V

[URVE 3 -MIN X -Jr:30 0- ) 1'0 E

[URVE 4 -HVLC - 7~2C~7 H"(15, C31%C-

SC AL.ED TO Kt. FRPER a 46 0780
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LOW BRND 30 DEGREE ( 0.30)
LPzJS.9O QP=E+50 LSz.50005 05=E+50J

1 .00

.94

U]

FREU[NCY

TOTFHL EF'FIL TFNCY VER'SUS FREL.XENCY
CURVE 1- MqX PRES:1.03E:Jl2C7?7U
CURVE 2 - MRX R zl.727S,979E4+J3, 1 9393

CURVE 3 MIN X z8.31FU3J3L3Li
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NEL DUMILORD I
C.F'. I r- INCH CIRCULRR HERD

LOW BRNO BROROSIDE (0.90)
LPz-.lE5 9] QPz:E+50 LSz.SO0E5 QS=E-50

-J

t2Lo

F REOU U NC Y
TOTPL EFFIFIENCY VERSUS FREUUJENCY

CURVE 1. - MRX PRES=.231875lE3+J3.l.)495477E13
CURVE (2 - MIN R ::L4 .0LI 525-F7E3+J1. J3 3c'-1 KE03
CURVE '3 MRX X zH -7131 3039EU)3±JA 2(2775241E03
CURVE 4 -MIN X , l9]l,0E0'3 -JI .07796008EU2
CURVE, L5 HVG m.282lE03+J3,08428731 E03

5L'pTQrI



NEL. OLIMILORO I
Q.P. i S INCH CIRCULAR HERD
LOW BARND ENDJFIRE (0.0)

LPz.-1590 QP:zE>+50 LS- .51305 (26=E+50
100

10

c0L

F RE(ThENCY

LL IN CER MJC VERG3UG RELIU.NCY

CURVE2- MI N RP 61 .1A Vl E (13~ 1 %?2U3093E1Y
CURVE 3 -MIN X il .j/1l0~3-JD- .19I203 EU'3
CURVE 4 -V 7?flL4%25 +NJ4 .,3V3KE)



NEL DUNILORI I
C.P. 1 5 INCH CIRCUL.RR HERD

LOW BRND 30 DEGREE (0,30)
LP=.1590 QP=E+5U LS=.-5005 Q16=E+50

100

1

2-4 ,l p 4020
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LO~W BRND ENUFIRE (0.0)
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CURVE I MRX PRES=3 .09h5'3UC]4ELN+JA94569403'EU4
CURVE 2 M MIN R =3 - 1629 '3 *7L2 E 3 -J 5 2 3 0 EU 3
CURVE 3 -MIN X .3- 13 0 0 L70EWL3 -J')19 12 f 03 7E G3
CURVE 4 - RVG 2 +4U%2SU4. .33Z1r- 7E5

- ~aCMLW TO K+& PER J4 $62B13



NEL DUNILORD 'I
C.P. 1 5 TNCH CTRCULHR HERD

LOW BRND 30 DEGREE (0,30)

100 LPh. 190 QP:_E4S5U Llz .0005 QS :F+50

0!

TOO 100 ,2bo -qoo D

F REOU UEN CY

MHG( I) VERS3US FREOUENCY
C.URVE -1 M'qX f'RECSz .703-'AH01E@'4+J5.Cl82'972177EL03
CURVE 2- MRX R =1 .72cl753279ELN+J3,i9183989EU)3
CURVEi 3 ~-MIN R -:31REJ>J13353U
CLU PVE 4 -- MqX X -,: .IHFlrl7,51E 4+JI 0O061-37SEU04
CURVE 5 MIN X T7 W6939~.3J .~237U
cupVE_ fZ RVG~c >1JE4J)15090

i L 5(RLED TO K* FRPER 46 '62143



NEt DUMILOHD I
j..2 5 INCH CIRCULRR HEHiD
LOW BRND BRO4USIDIE (0.90)

LP=.t590 QP :E450 LS=.W'OOB OSzE±W0

1.0 i__ _ _

LT-

0.1

F REOUENCY

MqG( Il VERSUG FREUUENCY

CURVE 1 MRX PRES=.E2319751E03+J3.'W%4947)ELb,)
CURVE 2-MIN R =L4 -OH l52SF7Efj3+J 1 .13 32 1 T3111
CURVE 3 -MRiX X ' 1.1303U.3E3+J2775241E03
CURVE 4 -MIN X z6.Lq8lqi,309EU13-J1.0779609EU2
CURVE 5 RVG 53021E3J.h73EU

'A(. '17 TO L PUE R *46 F,-)13



NEL. DUMIL ORD I
[.P. 1 Ti NLH CTRL-ULHR HERD

LOWJ f3RND ENUFIRE (0.0)
LPF-1 E9 0 OPz-E +50 LSz .W05 GS=E.±EO

1o-1

'I'LG'I H

CURlVF M? -MIN R '3U>QU3 -LIHIILIJ F- 1DL30 FL 13
[iUPVE 3 -11 MN ' h97FL>V.9 A3E

L~V Li.~ r H -H27L ui 1 4 J. IKf.

U ALEC TO K+ PRPER 4 '6 62! 3



NEL DUM1LOPD I
C.P. 1 6 INCH CTRCULFR HEK]D

LOWJ FRNI] 30 DEGREE (0.30)

loll LP=.zj69O OPctE+50 LS-.LUJ00% QS=F±6

100

10

00 1210 0 220 30 2 LlL

FREUIUENCY

Mq wI VERIUGJ EREQUENCY

CURVE I - MRX PRES~r- 703YJ'A01 E04+15 2 77E03
CURVE r2 - MRX R =1 27627l:9EUt4+J3.1919898E0)3
CURVE 3 -MIN R =3 -I3665L03-JF6137553c'-F3
CURVE 4 -MHX X --I . 14610751E6:04+J1 .(10F3c"37SE0lli
CURVE S MIN X =9 060299FE-3-Jl '302-6357EU3
CURVE 6 - VG =1 .1Nl%5'199EL14+J3) 31V'-0493F03



NLDUNT11RD I
CT,. 1 5 INCH CIRCULHR r1l~iF

LOW BHNE BROiPDSIDE (0,901

i fjL500

100

F REOUF NC Y

NMqG(EmT) VERSUS FREUiJENCY
CURVE MHX PRES=8 -62l3 1I EM)3+JA -%Kj4q77%5FLYfitCURVE 2-MIN R =H-0152567E3+jj "33CLIT1.0"
CURVEL 3 -MFRX X =H 713039EUl3+JF, 2277524 1EL13
CURVE 4 MIN X =51 J~E3J .779FOM3FU2

vU v Ir - -V 2' '-' 0E1 .3,0 4c-8'

'jCqLED T' K+L P(:iPER 46 6.21Z3



NEL. DUN I1RD I
C.'. 1 5 INCH CTRCULRR HERD

LOW BHNL ENEFIRE (0-0)
LP-z.l5J90 OPz:E+5 LS=Z.WO5 GS-cE+50

L

115 11 -i10-

C i-1 11 -3 1

U 1

f' K+ ',E-f F l



NEL. UUMILLH!] I
C.P. 1 5 INCH CIRCULHR HERD

LOW BRNC 30 DEGREE- (0.30)

LP--. 1 B90 QPz-E*+5f LSz .BLO5 Qs=zE+BL

(PP- ",-IL 11

FLF UENC

*1 3 F Fl1 1PVI-'(L I AJF C

Ll ~ ~ V Fi fT F L)

M ~ ~ ~ ~ a FtLF. FtL K'E W, HLI)I , UQK~F



NEL. DUMILF1D I
C.P. 1 5 INCH LIR@UL FiR HEHE

LOW4 FRND BROIRDISIflE f090)
LF'z.1590 QPFKE*50 Li5--0L)O5 QS-E450

.10

Ilo

00 ',H L

CURV 4 ___ __ __ X 5 H 1q ,0__L3-I 9-0_-

CURVE b -V =5 R~6~3~71E3JJ4947E

UA~LE1 T%0 K+L PciPEP 46 621. a3



TRACOR, INC.

MID BAND

--- -----



NLI, IJUMILOHLI I
C.P. S INCH CiRPCULRR HERDI

MID! BRNO
LP- 390U4 Q P F+5U LS .5 C C 0S F-+ G

Cf~9L ,

-N.r
-4,,

I-A



PNt~i UUI~1iLUH'J
C.P. I E1 INCH CTRCULPR HERO

MID PfIND
LP~39L~ UPzE+Bfi LS~OOOO QSzE+50

IOU _

1* --4
-4
-4
-J
-4

-4

-J

IC .2
-4
-.4
-4
-4

/
--4

2
--4-.4

1 - -J 
'4.

/
-i

-4
.4
-4
--4 H
-1

-i
A

-l
2

~ - - I ~'.d
I)!] ~

NC r'



NEL. OUMILORD I
C.P. 1 5 INCH CTRCULRR HERD
MID BRNO EN!JFIRE f0,0)

LP'zq3904 QP=E4'U LS=.0000 QS=E+5i

10 00 0

L O

F RELOUENCY

MqG[ZIN) VERSUS FREQUENCY

CURVE 1. - MRX PRESrJ -.7069'4046ELh+J7t -669292 l'tAL)q
[UFVE 2 - MIN R~ =3 .%894'7fYP3+J73190&30 1E3
C'URVE 3 -MRX X =3.4'3IH139IEL0+J'.7001432_EUL4
CURVE 4 -- MIN X =3 .805l2~ L49E0J.91 990765L.03
CURVE 5 - VG -9SE4E4J -31Jl3F)

5C.ALED TO K4. FRER a 46S 6213



NEL. DUMILOFRO I
C.P. 1 15 INCH CIRCULRR HERD

MID BRND 30 DEGREE (0 130)
LPz-.3904 OPz-E+5L) L52 .0000 QS=E+50

100000o

"I 0U .1

LU~V[ 2 MIN P 3.F~~ 31U~7F44HU
L6PYL 3 -MHX X I 1 -t7 F J~ L3 I) L 4+ JI I13 -3)F4L3 ~E 0-4

U REV E 4 MI IN X 1 1 1141 I i L1~hU4 -,U~9 .- 3 1 ' J F L
[URVF "I Kv c 1 33 1 HL 1 F LI 14 J 3 F-'I 1 q ~F L I



NEL. OUNILOHD I
C.Pg 1 5~ INCH CIRCULRR HERn

MID E3RND BROJF1!J5IE (0.90)
LPF'z.3904 QP27F450 LS=.C000 Q'JzE+50

100000-

ILI ;

L..U L4r Ll ' l)IL-r

F R F(Li FNlj .Y'

(M'G! Z I N 1VF 7 FJ ~ FLFIVNLY

9 - rv ;1 FH41VL
LlUfJVF -3 - MI N f L /31~% 1' 3 3 - 14EL0 3

LLIP VE 4 MI N X %9HiIFh[Li ii , 3LJ 3 35FT 0)
CURVE ~K ~ 1~%-f FO l

I; u



NEL. fUMILORD I
UYP. 1 u§ INCH CHRCULHR HERD

MID~ BHND ENIJFIRE tOO)hLPfU.39M0 OFLLE*50l LI>,J .000 OQLzE+50

191)

i2UA

IN I FUUF/

1 PIF- 1 '"

z j~ (I MNH19491F03 J/' 0L
L d (,I 3 MHX -3 Li 3,4') 1 I F1 J- 00 137 FGL

Lr 4 IN i 3,P
- F 1

E 6, F V1 ~~~~~~I F, 0i+'4L~ lL



NEL. DUNILtORD I
C.P. I 5 INCH CIRCULRR HERD
MID BRND 30 DEGREE (0.30)

LP~z.3904 0P4>E-50 LS:z.0000 QD'-z:E+0U

.12

FRELOIhNL'Y

PHKSL!Z 1 N) VERSUG FREfUUENUY

\/F? MPX PkEF _j1 3 11 780L4FL4+JA FL40 I9F:37ELY3

LUFRVE 2-MIN R 7,3 ~FFl23L11 F,>J (6L j43_f

@u FVE 3 -MHiX X _: -.0760,9H33EL4J %3UsE.V
[WVL 4 N MIN X -1 ,l'97L45J+iE0 3-J F3%l cU

'7.~~~~ LiF~V K 1 (h3~KIK1 4 +,1, . q IF? 111 9ELI")

5itRLEI) TO~ K+c PAFER a '46 07S0



NEL- OIUr4,[ qPE~ I
C.P. I 5D INCH C!Rr.UL-HR HERD

MID BPND BROPOSIDE (0,90)
LPz -. 3904 QP--E- F50 L-5---.0000 D5Jr+5

12(1 0

CTr

1921

1'-R F f.Li F N UiY

F iH! [ I N) VF P{ -- K F ELE NLD
L uPVE N' x~i f~ K j I- 1 1;,41 ! iF0 J! 4 3L4 I~0 A 0 ,-'

['uRV[ K '3i -. 1 3J j vA4/E 09 J -l I J /.%74
c[UFRV E 3 m I N 1* LA PT TL L 0 3 3 3J> 3,,-30L4 E I3
L URV[ '4 MI N X . -AHi -4 1 K! -1E U >J1 I K73 Z ft 0.

5C.RLED TC



NFL. OUtN1LORD I
C.F. 1 5 INCH CIRCULRR HERD

MID BRND ENOFIRE (0.0)
LPF'z.3904 QP--E*50 LS=.0000 05=E+50

14

.-3L! r

--L r* c- kiLTh ~V

FRPE UdUEN C Y

MK3 (VH/ I ) VFPGUGil IREQUENCY

CURVE 2-MIN P J L9 0 0[
CURVE 3 - MPX X -_ 3 H21LW' ,1EL)4+J7,..70LI43 ic-~
CURVE 4 - MIN X ~3~{%nLP34A3 9~0 4j 03



NFL DUMIK1PHD I
C.P. I INCH CIRCULPR HEHID

MID BRNP 30 DEGREE 10.30)
LP=.3904 QP:E-+50 LS=.0O0 QS= L±

FRWEC

'.!V /1 VE S SIIE E C

CUV. H PE=.15]0E4J 409,3E)

CUV MNR-A3E;, 3I0-J7i,44F.I

CUV .3 HX 106q3E4J.n9E4E,4

CU V I 29 -L5 4 oj-~

1 2#JU F3 0 r

CURVE 3 - RX X 1 .09U7'A3lE4+J1 ,cqh3&Ot49FU4EO

4( A'-ED TO A+L FrIPER * 46B 0780S



NE Di7UN![ I I IH !i
c p . 11 NC 1 L U _.LJ i. HU L i

MI [ 13iNP 1 R[ F1P t! [F C. 0: ,90 '

L F-- q 4OjE- 0 t O )-

di

FREOUdENCY

C ~ MG RVV E I - MEHXU PR G--S 9uN lIF44F13-jL43L ', '

CUO VE (1- - IMqX PR =9 0 .,1 '-) 9 H 7Ei0 3 -. 7 !H- :g J I O qF
[URVE: ' _ - MqX R --8 1g~ ~l-J1,, . ' -3 (lCURVE 3 MIN R H T) - 1, Ll j[  - 3 " C 1 J

C U R V E 4, M I N X -5 j , 41 q 1 1-7 .-]J, (1, "J j , ,I - -,c h 1-. H 'u1 LLURVE 1 - 4VX .-PP. .,,. , 34.J .H3-- 1 ± . 4 -, 1
[UYE0 ~XP 3 13O~FEl>1 90L4%~40



ci P 1 NCH TLIIL0 F0< H-
MI 1 ,F3HNL ENEF PE IJ~

LP~ 3904 PPJ-3 .'~ i'i i

4-7

I~T -j
luI

FRFE U dEN LiY

PHHF VH/ I J E RSrU'3 ~-RF[LJNCY

L'URVE I M'RX PRE53z3 70FL]046LL)Lj +J?3W2Vi 1)

CURVE 2 MIN R 3 9-r_71EL ,- 0 3I4 t

LRVE- 3 MHX X -131 -1 9IE14+J YU 3 -_'E 0
CURVE 4+ M MIN X 73 .9051-r-14A9P3U1F Il 4 30 /61iLl13
CURVE .9 - F32 -E 9 vJ4 1 L) UfJ 4 3 ') 1.1L

VACLEO TC A+t SFE '46 U-7BC



NF1L UUN'-4'Th<
C .P. 1, " - INCH CT RLULH! H-L h[

MU I P HNL '30 LFE3RFE I[P, 30)
* ILP-- .390'4 OP-ThE L'; .00(1 QUl~ E~: + "1i0

.L1-

PH I VH I I -A,. t ffF Lk-N

CURVE 1-Mq1X PREG I 'H 1 3 47'904VUI+ [-A Of' /F03J p
CURVE 2-MI N R ^3J FY 1-13-iIL..-'4 1TLU
CURVE ~3 -MRX X I 1 0 i dl'- 4 ?6 L I f ' F1 0~ >IIL3[ 0

CURVE 4~ - IN X '1 -191 ]L TEH- 3%1KI
LURVF 5' 4 -L P'%?~ FH+4~ H1II~F L1

ILIET A L ; v fPER k



NE[ L3UMIL.OR9I I
c.P. 1 5 INCH CIRCULHiR HEH-D

MID BHND BROPDSTDE (0.90)

LPz -39014 OP--E' 5L LSz .00G00 2E-+50

-19n

FR H UFNC Y

PHRSE'fVH/I ) VERSUG [REUENCY1*CURVE 1-MqX --G~ .5U) -l0!F4d3*,J' 4 3li)1Y Ll.'-)
CURVE r,- MRX R 3-,.101 Oi59F 7 E 0JI , Jl 0 45 7 4 E 3

CIURVE 3 -MIN R A.~7j =Lfl4J .38r339074Ft)3
uVE4 MIN X =5 N411E9EdYA 3JI 37533-E Ll'

CURVE 4 -j -Fi%9r-J334h'%U

I(L0TO AIL4 PRFER * 46 0780



NEL OUNILtORD I
C.P. 1 5 INCH CTRCULRR HERO

MID E3RND ENOFIRE (0,0)
LP:z.3904 QHE*H0 LS=.0000 QS=E+50t

'49

LL32

LL3

F RE UUENC Y

TIIYYL EFFICIENCY VERSUS FREfiUENCY

CURVE I MRX PRFS3 .706HOFFL+J7 F~i29r'-l [W4l
CURVE 2-MIN R ::3.N49L~27E3J7 81936304EL)
CURVE 3 -MRX X =9 31,51 91EL)4+J7 .7001437,_E-L)
CURVE 4 - MTN X ::9 1.2-H 9E 03 +JF 3l90 761 E.03
CURVE 5 - 22l .915JE94 1F04 +J4 .9301554E0L4

U ACLED TO IK+L FRPER 0 '$6 076C



C.P. I IS INCH CIRCULPR HEHD
MID BHFND 30 DEfG-'REEL (0. 30)

LP-.3a304 OPw-E-*50 LS--0000 QOJ=Ei±W

1.00

L)J

-JJ

FR FOU NC Y

ThPiL EFFICIEhNCY \/E-RSU'3 REOUENCY

CURVE I-MRX PRES71.3IB~4LI+F~CV~F1tI
CURVE 2 -MIN R =3l-6 3 L ':L3+ J FF',4 14 FL) 3
CURVE 3 MRX X =1 .076OqH393ELN4+J1 .0FP)33A3Etl4
CURVE 4 MIN X ::I r_'175 4 0 - -',9;'-E
CURVE 5 RVG -.1O'j7&%1EL14~+J4.P)3Fc'-ll9ELI')

I li ALM T L 4 PFER 4f C79



NEL. OUMTLO9D I
1.. 5 INCH CIRCULH4R HERD

MID F3RND BRORDTDE (0-90)
LPz-.3904 OPz-E+S5i L5--.0000 OSz=E+5L)

LL3

FR EO~UENC Y

TIJTPL EF-FICIENCY VERSUS FRELOhENL'Y

CUPV E 1-MRX PRES=5 -.5-Ll0FH4E3J7 43L6319L3~.
CURVE 2-MRX RP = z.J31lF7E3JPO77E 4'74F0)3
CURVE 3 -MIN R =Hr - 37E)
CURVE 4 -MIN X =5.+lE3 §U~1.~?~3~U
CURVE RL - -F .1'1J,',2F -,H 1r'-01-3 .'314'44%-EW0':

1 f ' LiF4 '4R L 78 C.)



NEI CNltl[ IPP
C.P. I Ej INCH CIRCULPPR HERD

MID BRND ENOFIRE (0.0)
LP=.3904 GP-E+50 LS OULL QS0E+5L

100_

.10

1

... ...

-ti

cr7 L

F RELIUENCY

LOSS IN CERPMIC VF~ USc~ FRL.ULENCY
CURVE I -MRX PRES=:[3 69LIC046ELP4+J7-6 ,r .-).3~L')4

CURVE 2 -MIN R =3L9HO71G3J 1034
CURVE 3 MRX X --3,L 3l1.91FL4+,J7, 7l01437-'L4
CURVE Lt MIN X i:3.F3105j12L4%EO34P6I99C7~E0

CURVE 5 - VG -i2?1 S4 1 FT ,J4.9361l530104 E64

SCALED TO K+E PAPER 0 40



- NEL QUM ILORD I
Q.P. 1 5 INCH CIRCULRR HERD

MID BRNOJ 90 DEGREE (030
LP=.394 OP--E450 LS-z0000 GSE+50

CE
L

F RL6uENCY

F-3 TJ r)IN ['ERR q~ TVC' L/3 FRLFNLY

C U PVE I - M ' X P,~ 1 .6T1 W9',4KFi+J6 &',69
[FJRVE '2 MIN P 61-1'3 I ",--j7 F ,4 tb ,

L;~v '' Mqx X : 1 L7 F~ ?54+J1 06 3fT,4,9F'",
1- Pv F Lt MIN X 1 721 T19L+FLG4~J .J]KVK1 U

-~ 1 *3(.~ 7f~LFLL4+J4 ic(l

',,L LEC TO A.+L FF40R b "l, i3



NEI. OUMILORn Ir
Q.P. 1 5 INCH CIRCULRR HERD

MIF BRND BROPO051DE (6,961

100

n0 VJ
CC

IN4. ,' S F'FLj[F C

HUV Q ~ 44-" 4 4,1
-1 -V c4

L PV !N H L -E0 -j 34, 3,

[UVF4 MIX

u - F .I .4: 4'A

SCLE4O +



NEL. EUMI' ORD I
C.P. 1 5 INCH CIIRCULRR HERD

MIDl [RND ENDFIRE (0.0)
LPz.3904 OPz-E+BU LS=.0000 Q'izE+50

10 -

L. L

F RE Uu § N('Y

I VFP~uI FO LIJN[LY

LUuV[ 3 N16-X X -0-1 13F% 3l +,-1-'7J701L43 72 t4

L rP



NEL OUMIL.OFID I
CRP. 1 5 INCH CTRCULPR HERD

MID BRND 30 DEGREE' (0-:30)
LF%.-391N QP=E-*50 LS5=.0000 QS-E+E30

10.0~

F RFILJENCY

M q (3(1 F vv'U-' , F) EU F N Y
CUPW 1fvr F -- - 19 -4 ?. 9 0 4 11 +J AO f: ? 1fL

C>R 0 PV M N F, 3 4HI41 0-3 F,, 14 > t7L 19 0)34
L6FVE 3 -MFHX X i.!Uh~EU'+IK3UP3f OL
L'uPFV[E. 4 -MrIN XK - 1 3 ,."4t : 04 - 113 - A', 3KV K

0.1VE K [L'~/~ (L+4 1 4*.-A3F ' I I 4

AJLED TO 0 A+L FRPER # 46 62.3



NEL [UMILORD IIC.P. 1 INCH CIRCULPR HERD
MID BRND 9ROPO-STDE (0,90)

LPf%.3904 OPzLEiS LS:z.{JOOO Q'J=E+I-O

10.0

aT

~v1~fl J V'juj JEY

U FV[ L- M-o HX F 1 7 K 0J144 [L13I43L714 hE 03

1, uRVE' 3 1 N V %UJ ~33 493
UV. 4~L M IN \ -AtiiHrf 0 3~ 11 9 3753 3'6F 0'

LLVVE~r hVKV1~ V~33 03AL4L3

'A LLr TO K+L PHPE R x 96 K" "I

MON.



NEL OUNILIIRD I
C.P. 1 5 INCH ClRrULRR HERD

MID BRND ENDFIRE (0.0)
LP-..3904 OPZ-EiSO LS=.0000 OS'L)'E+EU)

Holu

M q 1SFUCN.

MfXP(2; HA44 f I4J, J , 3 1'L L

IJ4 --l U L4h

5(FLREUUEL RPRa 6 42Y



NEL LM~If
C.P. INCH LTFRfULHR HERD
MID BRNO 30 DEGREE (0.30)

LP- .39J04 OP-f E+50 Lsz .0000 OSZ= ±5ti

-- 4

UkL

F REO[LEFNCY

LO'E MYW CkJ I 3%;,J )~KBVN:

LiUV~ L 1N § '631 1-} I 1U~7H?4 3I 0
L i hV v i I - 1 hA .7U391-30L4 +Jl 10F93FL4 3E 0L4
LUFV? F+ 4 M IN X -1 "9-Y 1 ?H%4* WAj4 1 11-31 i3F3%1[

Fi~V 1*fc33, 'K I F-t *-i,- 3 13FU 3

UAQLE TO IK+L I~FV 2



NFL DUMILORD I
C.P. 1 5 INCH C1FRCULRR HERD

MID f3RND BRORDSIDE (0.90)
Pz.3304 QPz-E-*5fi LS=.L1000 QS -E+54J

1 C

'L (Irrj

F F R U91 f FGUFNCY1 UflVE 10CO PQ (309 11 hY]144F[13+J-7 .43'Le 19F 0~
I' uF V[ 2 d V't,/ X~ :3 . 1015F-7F(3+Jl q ",W~)?74FL
C-URVE 3 Mi I N P ~LA J5T~ -j~f r3+J -3 I14 U

4 d v 1+ N N X 7 k +A 1, L4L 11F)F L)%03 4 J I 9r )i % L -- I 11 3i

U~ RLEIO TC K+L 17RFEI 46 '62 1'



NEL. OUMILORD I
C.P. 1 5 INCH CI!RCULRR HERD

MID BRNO ENDFtRE (0.0)
LP=.3904 QP:zE+'EO LESz.0000 QS=E+50

10

1.e

CIL,
Li-

F REUiENCY

MHG IL FrTRIF' I L~ VEFRGUG F.REUENCY
CORVE AqMX PRE %W.J-- /663L H4Fh 014+J7 .6629~21 104
ILl F, V - MIN R ::' IL 90F30L E0-

LURVEc 3 M(YX X 3 -L'331 51.EqIFOH+ J7 .700 143 04L
LUFVF 4 -- MIN X z 3~1H33(3J 9~97~Li

HuV V2 9 15KJF94 1 F L14 +J4 9 30 1 AJl h4FO

5(PkEO TO A+L OFiER s46 62!3



NE. DUMILORD I
C.P. 1 S5 INCH CTRCULRR HERD

MID BRND 30 DEGREE (0,30)

LPc-.3904 QPz-E*50 LS-z.0000 OaE'+riU

10

L.-4

-- ,

-i I 2 3 - I C

C F - 3 WXXI47(~ T 44 D,9) 4-

LU V I ' 1H-' J4 14 j3 l'-

0 ,IJw] ' (L4-1 - IIILF0_

-f .1OT.A+ qE *4 2



NFL DUMIL."HD 1
[.P. 1 53 INCH CTPC-ULPR HERB3

MID BRND E3R[PDSIDF (0,90)
LPc-.30.JD4 QP± -+LU LGSr .L)OO O E

CIL

IIT

f~ f-O ,IL - Ll1 1
V u 4

rj rc'EP TOK+. "14-1PER 46 52.33
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F'RFOUENCY

PHPqzE-fVH/I ) VERSUS HR LiUIENCY

C'URVE 1 - MPYPES 70 tCEIJK??7K?

CURVE 2 - MqX P ~1 17275 9,-7-1F 0L4+ J?3 18 i8 q-8 F
CURVE 3 - MAIN R
CURVE 4 - MX Y -1 .%0~~E~J 0627h
CUJR VE M fIN Y c- .0j2I, EJ
C:URVE F H VG 1 2] A )" >fl?51049E



GE OUMIIL.ORf I
C.P. 1 5 INCH CIRCULRR HERDl

LOW BIND BRJOPUSIDE rO.3G
LS::1 8S6 05--L-50 LP - 37iy 1]dP-±50

2

11j R~ V L3[ I ', - A 77

TT -fcE 4
Fodmomb RE ,' -NLY.



GE OUN ILORO I
Q.P. 1 5 INCH CTRCULRR HERD

LOWL' BRND ENDIJFRE (0-0)
LSzI3886 USrE+5U LP-.3J1iU QP-E+5L

1.*00

LL- .9

cr I

qi o.-- '00

2100(-" - I 2? -- 3 01 -+0 i

CURVE 3 - ! M X -L7(f-

CURVE 4 -V M+INC Rr -J4

ar..h ~ALED TO, K-m- FRPER



GE !JUMILtORD I
C.P. 1 5 INCH CIRCULRR HERD

LOW BAND 30 DEGREE (0Q,30)
LS=.1886 QS=E+50 LP-.3750 QP--E+50

1 .00-

.96
C-)

LU-

CE

0 0 210 N220 ,k- -2Too 240 2,100

FREUUENCY

TO~TAL EFFIC:IENCY VERSUS FREQUENCY

CURVE I - MAX PRES2:12035g4O1E0q+J5.262972'77Eu3
CURVE 2 - MAX R =1-72759279EO4+J3J191889E03
CURVE -3 -MIN P, =3.1866958EG3+J6 Ji8371Ej53,2'E0
CURVE 4 -MqX X 21 lH1076l%7SlF04+Jl .00632315E.04
CURVE 5 - MIN X --9.0902996E03 -J1.-58263')37E,3
CURVE & AVG :I jLq54599E4+J3-91251049E03

SCALED TO K+L 0PFER a 46 0180



GE FUMILORD I
C.P. 1 5 INCH CTRCULRR HERD

LOW BRNO BRORDSIDE (0,90)
LS=.1886 QS=E+50 LPF'.3750 QP--FE+50

1 .00

C.-3

22o2.0 c,00o 2400 'NbD 7-000

TeOTRL EFFICIENCY VERSUS FRFL dENCYI

CURVE I - MRX PRES78 ,2317l-JE3+J3.L{49t-477%LU-3
CURVE 2 - MIN R =H -OH I52567EL)3+J 1 .58'3c-1 5LIJ3
CURVE .3 -MRX X ---H.71,31938E3+J6 .227752'41E03
CURVE 4 -MTN X -:5-49191309F03-Jl-779600E0i2
CURVE 5 -RVG ::5.920829l0E03+J3-084283T31E03



GE DUMLOR!] I
C.P. 1 5 INCH CIRCULARR HERE]
LOW BRNO ENOFIRE (0,0)

LS=.1886 QS=E+5J LP=.375O QP=E+50
100

10

110

21 20 j40 ,,J0
FRGUNC

LOSSIN RRMIC ERSS REYEC

CURVE I - MPX PRE~S=3.0959054E4+J6.458L$O3L)4
CURVE C2 - MIN R <3J3-1629')72EAJ3+J6j1522030BE03
CURVE 3 -MIN X --3 .'-3fTl0E3--,J519126037E03
CURVE 4 -RVC7 H2 L'F)~7d5[-04+j4 .3,321 63%, ?F04~



GE OUMILORO I
C.P. 1 5 INCH CIRCULRR HERO

LOW BRNOJ 30 DEGREE (0,30)
LS=.1886 QS=E+50 LP=.3750 QP=E+5O

too0

10

110

ED

'a00 2-tO02LO N 00
FREQUENCY

L155 IN CERRMIC VERSUS FREQUENCY

CURVE I MRX PRES7-1 70359L4I0E4+J5.2'_32972_77EU3
CURVE 2- MRX R zl 2'W97E4+311888L,
CURVE 3 -MIN R --9 H 695E03+J6.1 837553r"H-3
CURVE 4 -MRX X -1 .NH610751E04+JI .0063C375EU4
CURVE 5 -- MIN X =B.0%U02996EU3-J1.5%-80263 -7EU39
CURVE 6 -RVG -71 .1Nl'659EUI4+J3dI1251049EU33

SMEw TO K*. P~fRe



1 P. INCHi Cjj CULpR H-EM~

LS=.186 5=+50 L12=03750Q~45

1.00

rlR2 112

LOSS I CRLMC VRU 
FEUUENCY

~~i s- X .23 1 75IE 3 +J3.21542 U

£S~~A RV ? 
3 2c 1 6.~

CgEI 
MXPR A 

3



GE UUMILORB I
C.P. 1 5 INCH CIRCULRR HERD

LOW BRND ENOFIRE (0.0)
LS=.1886 QS=E+5] LPc..37150 QP--E+50

In _-

-4T - Nb

11T601,,o0
-1OUNC

MR()VESSFRQEC

CUV- q RS=J3505E4+68590F)

CUV I R--4693-2O+6 15r-38C

CUV 3 MNX1.0';730-O03J .9207O
CUVE4 V-2 442575 4J433' 13)E4

-ICLDTOKEFE



GE OUMILORD I
C.P. 1 5 INCH CIRCULAR HERD

LOWs BAND 30 DEGREE (0,30)
LS=.t886 QS=Ei-W LF=.3750 QP=E+50

loI 2b o bo "50

AROEC
1.0)VESSFROEC

C URE1 D RSl33g41O+5227'7E1

CURVE 4 MPXX PRESZ14675 1EL)4+J5.l 927W

ICURVE h-MIN X =,3-0g602qg96E03-jl .58026357-E0C3
CURVE &-HVG :2 1.14I6599E4+J34391261049EU)3

S1J1LEL TO A+4 PAPER 4 6 6213



GE UL.ORD I
[Y... 1 5 INCH CIRCULRR HERO

LOW BRND BROROSIDE (0,90)
LS=.1886 QS=E+50 LP=.3750 OP=E-50

1.0

F REUUENCY

MqGr I) VERS3US FREOUENCY

CURVE I MRX PRE -= .EP31,7- 7113+,J3 -l'49547 7%3O
CURVE 2 MIN R --. 0L45P567F.03-,Jl5313LU
CURVE 3 -MRX X ::H .71313039E[U3+J6.22'77',S241EU3
CURVE 4 -MIN X z5. L48191,309EL)3- J1.0779600SEO2
CURVE -RVG Zk .9209P8 1 OE034J3 . 084293731 E03



GE DUNIO I
1.P 5 INCH CIRCULRR HERD

LOW4 BHNQ ENDFIRE (0.0)
LS=.1886h QSzE+51 LP2--375U OP--E+50

U -- J

LL '

-)rb 0

MPGr ExI ) VFR5U-n FREOUENCY

CLRVE I - MPX PRF'3US59004E4+J6L4B38903UL4
CURVE 2 - MI N R :--J d}62,1'372EU3+J6 . I5220308SE03

CURVE 3 -MIN X 7-3.'-73C09703+J5.39l26037E.U'
CURYF' -V 1-K? ,1 U75EJ04+J4 .33cfl 63'7L>

SIC LEO TO K+L PAPER 6 65213



GE DUMILORO I
C.P. 1 5 INCH CIRCULRR HERD

LOW BRND 30 DEGREE 10,30)
LS=..86 05=E+50 LP=.37EJ 0FPLE50

LL-J

2i 0 0 "RoL

.- k.ENC

MRGfEwl) VERSUS FROUENCY

CURVF MqX PRES= I .70359401 E04+JS -2-9297 7E03
CURVE 2-MqX R :-- 7l759279EO4+J3-19188898FI),
CURVE 3 -MIN R -19.6F80+6 1,7-c3'O
CURVE 4 -MRX X zl 01N6l0751E04+J1 .006323751 EU4
CURVE 5 MTN X z-8.09602996E03-Jl.580263r57EU3
CURVE 6 - RVG c11.l46S99E0t4+J3.81251049E03

5i(RLED TO -E4 FiPER * 46 6213



GE DUMILORD I
C.P. 1 5 INCH CIRCULRR HERO

LOWJL' BANDI BROCFSTDE fO.3O)
LSz-.1886 OSzt±SU LPz.-.3TE30 QP=E+51

AA
L-

TA

-4o ol

1UV 4 MN -- 91990,E- J 20779608-E0

CURVE-- 09 MXPRS.21 0lEU+,J3 .0L947,31E09

CURVE~~~~~~~ --MN-------257E3JL~32~5U



C.P. ~u INCH CIRLULRR HEqD

Ow~ B(IN'P ENOFIRE (0.0)

L~-.057E+50~ LP :-37E50 QPz-E+5U

IL
--4

1 .0

f L---

MqG(~FL7FTRIC FIFI-0 VERSUS3 FREUUENCY

CURvF I MF4q X FS:30505E4J.48,0) 1

ri!PF'V MIN R -:j.0295912E03J'J61523~Ll

FRY 3 -MIN X 2.L300970E034 J5 19 c-~EO

C P VF 4 R PV .--42j572E-4+J4.3,32 I 63L 7E04

V( ALEIJ TO K~t PAPER * 46 63.



C.P. 1 5 INCH CIPLULRR HEHDi
ILOW BPND 9CO DEGREE (C.301

I_5:A1883 QS=E+'ZDO LP=.3150 QP=E+50
10

L-A4

A-1

FR UNC

LJfTP I F[UFEQEC

FjPVFM X P E5 1./3-,4-O E 4 J .8L -L7 F -

E0-J -' 04 10

AL



GE UUMILOR I
C.P. 3. 5 INCH CIRCULRR HERD

LOWL BPND BROIRESIOE (0.90)
LS-. 1 886 05=E+50L LPz p.3'750 OPzF-+50

10

CURV I X

CU V- 2 MNR1H.li267F 3J IJ3L1 10 '

CU Vj q L 1,13'8 0 + 6 -2 '5" 1 L,
CU V I -)C419i0 E 3-IL79 (0 F C

CURF REC UUENC

MqG"EIALE TOPJ FILLU VERSUS *R4JEN2'



TRACOR, INC.

MID BAND

6..I



~JUUliL-UnLU i

C.P. 1 5 INCH CIRCULRR HERD
MIO BRINO

LPz.3777 QP=E +iD

L1oooo

-i00

F -WFC

4q(TI' ERT R-EC
c-AE O ALPPE 661



OL- UUI*ILLUf?1U I

C.P. 1 5 INCH CIRCULRR HERD
MID BRNOJ

LP :-3-777 QP=E+5O

-4

1.

lj-J

Mq-?OI VESSFRQEC

rn,. -j&A



GE DUM[LORD I
C.P. 1 5 INCH CIRCULRR HERD

MID BRND ENOFIRE (0,01

100000-LPz.3'777 QP=E+50

10000

M*(N VESU FREQENC

CURVE I - MRX FRS37~q4E4+76881E)
CURVE 2 - MIN R =3.498q278lE03+J7-818O63L4EU3
CURVE 3 -MRX X =z3.L4314~59E4+J7.70014372'EOl4
CURVE 4 -MIN X =3 .935l2L499E03',-J6 .91990765E--03
CdRVE % RVG c-2 ,915969a41E4+J4 d3O1554EO4

UACLEC TO K+iE OAPE'R * 46 6213



GE OUMILOFID I
C.P. I 5cj INCH CIRCULRR HERO

MID BHND 30 DE!Gi'EE. (0.30)
LP-.3-777 OP=E+5U

I cv

T 0 2U
-4~dNC

MI . - e'lfl---L

MqX 2+I- 9I,



ULr luIdiL.'IR I
C.P. 1 5 INCH CIRCULRR HERO

MID BHND BRHOIDSE (0,90)
LP-.-3i?7 QP=E+50

1 4

1031? - Elj R ( ;1F 3- - 91 2 4 5 0



GE OUMILORD I
C.P. 1 5 INCH CIRCULAR HEAO
MID BAND ENOFIRE (0,0)

LP=.3'17 tPE+5O

1.20

(5)0

L

I250 24K30 2fi~

FREIIIENCY

PHRSE-f ZIN VERSU5 FREQUENCY
CURVE I - MRX PRE'=3./O6-q4046E1J4+J7.66828'15EL)4
CURVE (" - MIN R r3A3SL9842781E03+J7.81806304EU3
CURVE 3 -MRX X ::3 L43145191EU4+j7 -700114372EO4
CURVE 4 -MIN X =3.805l2L498E03)+J6.9199076SE03
CURVE 5-RVO ::.1991O+J-3104O

c.( RLED T " (~~ '~~E ~ '-"I



"E ]UMILORUI I
C.Ps I c NCH CrRCULRR HERn

MID BAND 30 DEGREE 10,30)
LP= .3777 0PzE+50

12.

f:FLIEWENCY

71k-'E k N ) VERSUS. FREUENCY
(iL!PVL MPX PRE',,-- 1 lF 479rul4EL14+J6 ,6L403 )69-E.O1F
f ,.dRV! M IN R 1%3L1U~~T21~SU

f ~ M9Xlv qX -1 70 39JEL)4+jl O0E93EO649EUL4
Ci\. 4 MIN X -A .,-,1 .i759EO4-9. I3 EU2--

F I?,, 1VC :.II U4J .3Fl i9

(LE r. tt" 11 "FPR 346 C90~



G MIODI
C.P. 1 5 INCH CTRCULRR HERD

MID BRND BROROSIDE (0.90)
LPz 3'777 QPz-E+50

212

2b"lj

FRE EN/

27'%l'- ?IN 7F~jU FEU

C- U FIc -jI3126 0-3-9454E0

UqE OKL RPR*4;09



GE OUMIll-RO I
C.P. 1 5 INCH CIRCULRR HERD

MID BRND ENDFIRE (0.0)
LRz .3-177 QPF-E+50

L

(7LiRVL ~ ~ , - 10 ~%T./69LiO046WL4+J7 I, & c~3lL
[URV - MIN R 2-3 .149842-78~1 EL)+J7 1 903[NE03

fj,;FR\/E - MP4X X --3 L3 151 1F 4+J 1010
('U PV - MIAN X K]5 HA .TY9 Fff7UJ q 9 4 C" 5 0

PvU 2 9E>c- .3}5~4~

had&-.~ AL F.17 0 K A PcqoE P 146 0-79C)



GE DUMItLiRD I
C.P. 5 1 3INCH C[RCULHR HERD
MID BRFNO 30 DEGREE 10.30)

LP- .3-777 OP--E+50

A ;o2L

['R-.2NC

MqTHE Cc'US FIEC

Cul R *)M X P F''- 19 790 EI4 J 6 0313& -[.1

(' F FMT 6 ,9 4I OrJ ,ff' ,9 A
.4'-m x X -IC q 3E 4+jI0 8 (49 )

f il AN X -

id _7 - 0 J CF5 11q

JAE T -LLPE! 4609



C~. 1 ~ INCH CIRCULRR HEHDMIDj E3FND BFO1RDS .T DF JELPU ,3737 P1

4,CF~

F'?E~UE~I

I 5,9F7E o',y -ut-7

N~~~Gr11 52-fA/qI I ~ U F EL JNC

q. LELJ TC K+L, ~ 0PAER



GE DUMILORD I
CP. I S INCH CTFRCULR'R HERD

MID BH4ND FNEJFIRE (GPO)
LPc .31 /77 UPFzE+5U

-60U

'16F,4J , 4V7

CURVI 4 NX 3- 4q F0J )I-- ,'

pURV 19 -L1 1 01 [ 4

k LE7 T17 KA P~c I? L4 792



LGE flUMILORD I
C.P. 1 5~ INCH CIRCULRR HERD

MID F3 Nf 930 DEGREE (0.30)

LPL--3/7-7 QPz&-+50

H 1 14 -19-

I- 4+ J ,ff F

AL1 T F PIK



V I '. 11INK CTRCULqR HERDL-t tLjr r D [

f:...Op il[P-+50

4"U 2F

I N R*-

1II 9l 65 E L RJ23 97

I 9-7

T~ ~ ~~~~~~~~~ 91 ..... 42" , --- 1-- 5W.

/n



GF OUMILAORD I
[,.1 5 INCH CIRCULHR HERD
MID F3RND ENUFIRE fO.D)

LPF'-3 17 7 QOP E+15 0

4LL

*1i 1 1N F U 43~ 4??+,j /3 .L' 4 A

k4\, . .> % 494 1 F(1 +,1j4 .3 'O T I )LAELILf

j& m.



I- hiM It ~F.Y I
K ~ V' 1 'I ~K HF K'

'ILl. U 1)1 IX

N ~LI IJL ~ K
, ~ r

I .[20

'.4- - u-- -

.1. -

~1

I.

'7.

2 -' ~' -I'
I /

p I' )

( I I ~ *'f :1 4 It *1
'K ' H:. ~j I. 4 ii ~ I I 1 +2 r

C



u"'ALFR HERDl
M If P~ H ~~ 'IE (0).90)

~elh

24-----.5 -

?E j tE

'4 VI 1 [, '4 J 91? 4 :

U:3 ED TO REUEN[' FP 4 7



4- LJUM t 1- (,H] I
(>P J N(H CTPELLR HE( D

MIDH] 3iN[] FNF!F IRE f 0,0)'
L P -3 1771 U P E F5 l

---- - -- -

--. 4lU LC

-41N HMTVR3S ROEC
2C6 jr

ir. 2 06

--- 4-f79E3J7980 V 4

MI
-9 1 1 ( 4 1 11 +J 1 OI



C-p. 1 INCH CIRCULRR HEH{O
MID E3PND 90 OEf3REE. (0.-30)

-- S- U NC

I- F - IN X -

I- F 4H~c

-- S7 T



GE [UMILORD I
C.P. 1 5 INCH CTRCULRR HERO

MID BRND BF~ROSTDE (0.90)
LfP: .31?77 QP zE+50

FRFQ~UENCY

L1ci'S IN CERHMvIC VERSUS FREOUtENCY

CURVE I-M9X PEU %SI3[E'J 34K~~U
CUJRVE 2 - MqX R 79 .P8015S967EO3±J1 0l i74E

CURVE 3 -MIN RP : f'- .?751.65E-03+J2 .36)2-3q907ThU3
CURVE 4 MIN X z ~ 19L>I.37332EU
CURVE H VC. ::b 13) P F2I691 1E 3 J314 2 4 4 S

____ - ___ J RL Fr, T 'L A -L PFi'FP X 46 (K " 3



MID KH 1.~LPUF 11LT5Q
Ci.P. I IC ,!C L R H

M TD Hfl ENPFIPE (0.0)
LP ['A'7 UP E + S

-, N2

I-4EOFC

C '1 C )Pl 4 / ij 4 E(L ,

C6RVF-- i- Z -MH i ''' i .L 4+J7 L(.1' '

I F4 MNX1i ~ H
Ll -- 6



OL. I LZ HFF-I

M ID B9N0 O -3 EOREE. rg.-30
L P 3 7 -7 C.'P:E+ 5 0

1L

-4('d N:

-4 ER'-L S 1 1

- - (-

u R " P SI-U Cl [4+ L 1

j'E2 AL1RPR 4 2.



rP 1~3INCH TP hF HEHDL
1IF P Ni H R rH'1 I nt I ( 3

LP-- .3 M 77 ,PL- 4 %

--4

u t --4 - -

p V I- Mc__P__? -__3 '_-j 9 __ I -- 4- F- J* -_ 3___ _6q-__19__FL

-2vM l .L " ?L FC

f.RV- MI :4.779 9' ,-43 3 C 4F

-i t 4 MIN X AOIIHAJI ,_33 R O
WTT,1iIIF i1 2) 5

IA
F ~ ~~ ~ ~ ~ A -If4ER 4 2



GE. UMI P~P. 5INCH CIRCULHR HERD
MID] BHNO ENOFIRE [0-0)

MI-PL, 
-

- 4 R -q L (1 ,

I _________1_7_P_ 
11

-l 913 U3 J6 2h* 5 1 - '

LuV 3 -M~XX -~3L591E04+J74 -97001N3 2PN 4



[F 1LMT I] I
C;P. 1 §INCIH LRUF HE(fl

mII F Ch 3Uill HEW P[~ F U

ILI~/ 1 (Pi-~

L~D -F

1- 1 ,1 ,

4 .!C11 I, A ' , ' ,6



GE DUMILORID I
C.P. 1 5 INCH CIRCULPR HERD

MID BRND BROPDSTDE "0.90)
LPz: <3-77 PL

I CO0

120"

C ~ ~ F ( V EN C Y 7

CUPV M T 'qY P 0 ?I.*EKJ1 92-1L-3:0;
CU'4t IN X -%~~--4 116.LI3J -09L~6El

J R, F TO K-[ PiPEP R 4A 6~2!3



I NCE LIH(JLH' H[HP)
MDBFqNFI F-N[FK'P [ .

jL I

t. I.-~ N



LI OR' HE H
M f FjHN El-
V ) I NHl i I. L r - i., H-R H F:FtD

p pl N C7 tF

+

-4

K I

I J 13

TO K"-.iI '.F.,3,1.3K*,,<, .1,, !t, 1 4] / . 3,;  V,. jC4 .]~d3,b_. !U t 1,,,,  Li

- - - '<il *VT A 2 11A



GE DUMILtORD I
C.P. I b INCH CIRCULPR HEPD!

MID BRNO BRrOROSIDE (0.90)
LF'z3-777 QP--E±50

10,

-A

p1 4 0"404~ -l-
F l .NU

4 MINX

L -1 - 1 - 1_ -7A, [L

IV R V-

4 47- I



TRACOR, INC.

HIGH BAND)



C.P. 15 INCH [JRPFUK'lPl HERD
HIGH HHN(3

kP-.272 ~ Cc- C37 3 [- 7 D5::0

P~ 2_6 L' P4 '5

F I

N(

L, ~- -LJALD 
C 6



C.P. I E5 INCH CIRCULRR HERD
HIGH BFHND

tooLP=.2762 QP=E+5i [S=.3373E-7 05=0

.-. 7

-4

Ifi

MqG OL R



GE OUMILORD I
C>P. 1 5 INCH CIRCULRR HERO
HIGH BRNO ENOFIRE (0,0)

LEU-.27162 OPzE+5O CS=.3373E-7 DS=0

-4

2)
IROEC

?-N ESS RGEI

IUV.N' E" -:4.3 7 -61E 4+ 9.89 31 -0
-4VL : 501817G+9 17119O

CURV :3 -05692 ,+5.586S0

-- In



CP. 1 5 INCH CIRCULRR HERD
HIGH BlN'FI 0 O-} (ILGRF E [0,30)

LP--2762 UPzLP-+aiL CE= .33 3E-7 05=0

LIL, 0 V

.4

.4

4

J II -, -*- 0 9

-. - r > - p -

1FU1

mI I( IN 4 At -1r 9LE NCY
(.'[~vt 1 MY)( PRE 1V ; I i!:li .. ±J-9q+lf OO 3f.$'" L3-

(HRVL',"[ '~ MFlN P t. i , -EL :[ [;! g, 2887,±9 t.,, ,

I I "M Hqx X ,* ' , 1 Fi i 4,,I .2 61 7f 06E 04

(,I T P AN X4i )21E J .... -"1:

q ~ L 0' L FIPER 4 '6 6213



GE FJLKj I L 
C.P. I 5l INC~i TI R ULHR HEPEI
HIGH BPNIJ BRORDSJIDE fO.9W

LPz-:.2762 QPzE+50 CS::3373E-7 flS=U

--4
-4

-A

F- R -t[l -NCY

IR J Li '4jFRA4[E C

'I~ I ," - J -64 9IL '

CURVE 3-MIN R z Th3 A9lhJ, I E4~
[lLIP IE' 4 M TN X r) 7 7FA I 02LU34 j 1 41 C-81~ L

'JA P T 0 KI 4[ 'PP R * .4b6 E 1'



H IGH B, (0,Ef
;1- 12 GP -Ei-GI CS= .33-73E-7 flS=G

1 9

EUULFNCY

PHP>"Ef ?I N ) VERSU 0- FREGUENCY

C, 'P% Mq X~ P R H- .0,99 7076 E014 +J,9 .493039 7- 14

[JR1E : -MIN R l91U~92331~E.

,J ALFP 'l Ko~ t PRPER 4F 0 79C~
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